In a randomised prospective study, 20 patients with intra-articular fractures of the distal radius underwent arthroscopically-and fluoroscopically-assisted reduction and external fixation plus percutaneous pinning. Another group of 20 patients with the same fracture characteristics underwent fluoroscopically-assisted reduction alone and external fixation plus percutaneous pinning. The patients were evaluated clinically and radiologically at follow-up of 24 months. The Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire and modified Mayo wrist score were used at 3, 9, 12 and 24 months postoperatively. In the arthroscopically-and fluoroscopically-assisted group, triangular fibrocartilage complex tears were found in 12 patients (60%), complete or incomplete scapholunate ligament tears in nine (45%), and lunotriquetral ligament tears in four (20%). They were treated either arthroscopically or by open operation. Patients who underwent arthroscopically-and fluoroscopically-assisted treatment had significantly better supination, extension and flexion at all time points than those who had fluoroscopicallyassisted surgery. The mean DASH scores were similar for both groups at 24 months, whereas the difference in the mean modified Mayo wrist scores remained statistically significant.
In a randomised prospective study, 20 patients with intra-articular fractures of the distal radius underwent arthroscopically-and fluoroscopically-assisted reduction and external fixation plus percutaneous pinning. Another group of 20 patients with the same fracture characteristics underwent fluoroscopically-assisted reduction alone and external fixation plus percutaneous pinning. The patients were evaluated clinically and radiologically at follow-up of 24 months. The Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire and modified Mayo wrist score were used at 3, 9, 12 and 24 months postoperatively. In the arthroscopically-and fluoroscopically-assisted group, triangular fibrocartilage complex tears were found in 12 patients (60%), complete or incomplete scapholunate ligament tears in nine (45%), and lunotriquetral ligament tears in four (20%). They were treated either arthroscopically or by open operation. Patients who underwent arthroscopically-and fluoroscopically-assisted treatment had significantly better supination, extension and flexion at all time points than those who had fluoroscopicallyassisted surgery. The mean DASH scores were similar for both groups at 24 months, whereas the difference in the mean modified Mayo wrist scores remained statistically significant.
Although the groups are small, it is clear that the addition of arthroscopy to the fluoroscopically-assisted treatment of intra-articular distal radius fractures improves the outcome. Better treatment of associated intra-articular injuries might also have been a reason for the improved outcome.
Most fractures of the distal radius are reducible with adequate stability and can be treated by closed reduction and casting. However, fractures that are unstable or involve the articular surfaces can jeopardise the congruence and kinematics of the wrist joint. 1, 2 In complex intraarticular fractures of the distal radius, arthroscopically-assisted surgery allows more accurate reduction of the articular surface and treatment of soft-tissue injuries. 3 The place of arthroscopy in the management of these fractures, however, remains controversial. [3] [4] [5] There are no prospective studies comparing arthroscopically-and fluoroscopically-assisted techniques and only one retrospective study comparing fluoroscopic and arthroscopic reduction of fractures of the distal radius. 6 We undertook this prospective study of intraarticular fractures of the distal radius to evaluate surgical and radiological findings, functional outcomes and quality of life after reduction either by an arthroscopically-and fluoroscopically-assisted technique or a fluoroscopicallyassisted only technique along with stabilisation with an external fixator and possible augmentation using Kirschner (K)-wires and bone graft.
Patients and Methods
A total of 40 consecutive patients, 23 female, 17 male, treated between July 2000 and October 2003 were included in the study. They were assigned randomly for treatment. Each picked one of 40 sealed envelopes, 20 containing the words arthroscopically-and fluoroscopicallyassisted and 20 the words fluoroscopicallyassisted group.
All patients had similar fracture characteristics and demographics (age, gender, and degree of comminution of the articular surface). Those admitted to the study had an intraarticular fracture (AO type C1, C2 or C3) 7 with a step-off or gap greater than 2 mm after closed reduction. Patients with volar lip fractures, open fractures, or associated upper extremity injuries were excluded. Patients with central nervous system disorders such as previous stroke or cerebral palsy were also excluded.
The arthroscopically-and fluoroscopically-assisted group included 11 women and nine men with a mean age of 44 years (31 to 72). The fluoroscopically-assisted group included 12 women and eight men with a mean age of 47 years (25 to 68). The mechanism of injury was a fall on the outstretched extremity in 30 patients and a motor vehicle accident in ten (six patients in the arthroscopically-and fluoroscopically-assisted group and four in the fluoroscopically-assisted only group had high-energy injuries secondary to motor vehicle accidents). The dominant hand was injured in eight patients in the arthroscopically-and fluoroscopically-assisted group and in nine patients in the fluoroscopically-assisted group. The operation was performed under axillary block in 16 patients in the arthroscopicallyand fluoroscopically-assisted group and 14 patients in the fluoroscopically-assisted group. The remaining ten patients (four in the arthroscopically-and fluoroscopically-assisted group and six in the fluoroscopically-assisted group) underwent general anaesthesia. Informed consent was obtained using a specifically-designed form which was approved by our Ethical Committee.
Arthroscopically-and fluoroscopically-assisted reduction and internal fixation. The external fixator is provisionally applied after closed manipulation and reduction of the fracture under fluoroscopy, which is also used to select the site of entry of the K-wire. In all patients two wires were used for better stabilisation (Fig. 1) . The wire is introduced into the fragment and its position checked fluoroscopically. When the reduction of the fracture and the articular surface is considered optimal, arthroscopy is performed. With the wrist horizontal on the hand table, a 2.7 mm, 30° smalljoint arthroscope is inserted in the 3-4 radiocarpal portal. Inflow is established through the arthroscopic cannula and outflow is through the 6-U portal. A primary working portal is established at the 4-5 interval with additional portals at the 1-2 and 6-R positions if needed.
Haematoma and debris are removed (Fig. 2 ) using lavage, suction, mini grasping forceps and a 2.9 mm smalljoint shaver until optimum exposure of the fracture is achieved. The position of the wires is checked, and if there is malposition (Fig. 3 ) the wire is re-directed and checked both arthroscopically and fluoroscopically. The articular surface can be evaluated reliably through the arthroscope (Fig. 4) . Fragments can be elevated and small step-offs corrected with small probes. Injuries to the triangular fibrocartilage complex (Fig. 5 ), scapholunate ligament (Fig. 6) , the lunotriquetral ligament and cartilage defects are detected and repaired.
If an acceptable reduction cannot be achieved, open reduction is performed through a limited incision over the dorsum of the distal radius. When an acceptable reduction is achieved, it can be further secured with additional Kwires. When a bone defect is detected during reduction and fixation, autologous cancellous autograft or allograft is inserted through the incision. We believe that in cases of metaphyseal bone defects, cancellous bone graft increases structural support and ensures fracture healing. Antibiotic prophylaxis with a second-generation cephalosporin starts 30 minutes before the induction of anaesthesia and continues for 24 hours. The external fixator and wires are removed six to eight weeks post-operatively.
Fluoroscopically-assisted reduction and external fixation. Reduction of the fracture is attempted by closed manipulation and stabilisation is maintained by an external fixator (Hoffmann II Compact, Stryker Howmedica, Mahwah, New Jersey) and percutaneous pinning. Two 3.5 mm pins are placed in the radius at the junction between the middle and distal thirds and two 2.8 Fracture intra-articular of the distal radius under fluoroscopy, after placement of the K-wires. Free cartilage fragments that were removed arthroscopically (r, radius; ch, chondral fragment).
mm pins in the proximal third of the second metacarpal. They are inserted under direct vision, with protection of the sensory branch of the radial nerve and the extensor tendons of the index finger. Fluoroscopic images are obtained with the wrist in varying degrees of pronation and supination to locate the fracture fragments. When an acceptable reduction is achieved the external fixator is secured and the intra-articular fragments are stabilised with K-wires under fluoroscopic control. When an acceptable reduction cannot be obtained by closed means, a 1 cm to 2 cm skin incision is made over the dorsum of the distal radius and a periosteal elevator used to elevate and reduce the fragments under fluoroscopic guidance, followed by fixation with K-wires. If a metaphyseal bone defect is noted after reduction, through the same dorsal incision at the level of the fourth extensor compartment, it is filled with autologous iliac bone graft if the patient is under general anaesthesia or with bone allograft Allogard (Osteocentre Europe, Clermont-Ferrand, France) if the procedure is performed under axillary block. Iliac cancellous bone graft is har- Following fluoroscopic reduction and K-wire placement, arthroscopy reveals penetration of the articular surface. The position of the K-wire was changed after arthroscopic evaluation (r, radius). A radial triangular fibrocartilage complex tear in a patient with an intra-articular fracture of the distal radius. It was repaired with arthroscopic debridement (r, radius; l, lunate; TFCC, triangular fibrocartilage complex). A scapholunate ligament injury which was revealed at arthroscopy. It was repaired with arthroscopic debridement and K-wire stabilisation (sc, scaphoid; l, lunate).
vested through a minimal incision, morcellised and inserted into the defect under fluoroscopy. The allograft is placed in the defect in the form of impacted small fragments.
All operations were performed by two of the authors (SEV, ZHD). Another (GKB) did all the post-operative evaluations.
Post-operatively, the physical examination assessed scapholunate instability using the Watson, Ashmead and Makhlong 8 or scaphoid shift test, lunotriquetral instability using the Linscheid et al 9 or ulnar snuffbox compression test, and instability of the distal radioulnar joint by evaluating movement of the ulnar head in relation to the distal radius during pronation and supination. Grip strength, using a Jamar dynamometer (Preston Inc, Clifton, New Jersey) and range of movement were also documented by an independent therapist. At 3, 9, 12 and 24 months, all patients were examined using the modified Mayo wrist score 10 and completed the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire. 11 This may reflect other pathology in the upper extremity, such as at the elbow or the shoulder, but is more reliable than measuring only isolated parameters and recording satisfaction.
Anteroposterior, lateral, and oblique radiographs of the distal radius and wrist, standardised for rotation were used to measure radial tilt, radial inclination, scapholunate angle, capitolunate angle, articular step-off, articular gap, and ulnar variance. Measurements were performed by the same surgeon (GKB) using the e-film-medical software (InstallShield Software Corporation, Toronto, Canada). Statistical analysis. The two groups were compared using the t-test for independent samples when the variables were continuous. For categorical 2 ¥ 2 variables, Fisher's exact test was used. The two groups were compared in terms of DASH score or modified Mayo wrist score using a general linear model for repeated measurements with Bonferroni's correction. The model included the DASH or the modified Mayo wrist score as explanatory variables, the group effect (arthroscopically-and fluoroscopically-assisted and fluoroscopically-assisted), the patients within-group effect, the follow-up period effect (0, 12 and 24 months) and the interaction between group and follow-up effect, i.e., to test whether differences between groups are consistent during follow-up. A p-value < 0.05 was considered statistically significant. The analysis was performed using SPSS r.11 (SPSS Inc., Chicago, Illinois) and Statistica v.6 (Stat Soft Inc., Tulsa, Oklahoma). Sample size was not calculated before the study as there was no currently-published study comparing these two techniques in terms of DASH and modified Mayo wrist score at 24 months' follow-up, which were considered as the primary outcomes, and therefore the expected group difference (arthroscopically-and fluoroscopically-assisted vs fluoroscopically-assisted) and data variability cannot be estimated as these two quantities are necessary for calculating sample size. Therefore, no statistical decision on sample size was made and all available patients in our clinic were selected on inclusion criteria. Nevertheless, a power analysis for the DASH score based on the observed data (group effect was 3.3 and pooled SD was 6.58) produced a power of 34%, whereas for the modified Mayo wrist score (group effect was 4.5 and pooled SD was 2.63) the power was 99%.
Results
Significant differences between the groups were found for the delay to surgery (p = 0.01) and tourniquet time (p < 0.01). In comparing axillary block with general anaesthesia there was a significant difference only in the proportion of motor vehicle accidents (p = 0.01). The time from injury to surgery was a mean of four days (4 to 11) for the arthroscopically-and fluoroscopically-assisted group and two days (1 to 10) for the fluoroscopically-assisted group (Table I) . The mean tourniquet time was 65 minutes (45 to 85) for the arthroscopically-and fluoroscopically-assisted group and 35 minutes (25 to 55) for the fluoroscopicallyassisted group. This difference was significant (p < 0.01). Iliac crest bone graft or allograft was used for subchondral support in 14 patients (six arthroscopically-and fluoroscopically assisted and eight fluoroscopically-assisted). In the former group, two patients received autologous bone and four received allograft. In the latter group, four patients received autologous graft and four allograft. As all In the arthroscopically-and fluoroscopically-assisted group a subchondral K-wire, placed initially under fluoroscopy had to be repositioned in nine patients (45%) after arthroscopic evaluation. It was malpositioned in the radial side of the wrist joint, penetrating the articular surface in seven patients and pushing the fracture fragments apart in two.
The arthroscopic findings are summarised in Table II. A total of 15 patients (75%) had intercarpal ligament injuries. These included 12 (60%) with triangular fibrocartilage complex injuries, nine (45%) with scapholunate ligament injuries and four (20%) with lunotriquetral ligament injuries. Five patients (25%) had concomitant injuries of the triangular fibrocartilage complex and scapholunate ligament, two had injuries of the triangular fibrocartilage complex and lunotriquetral ligament, one had injuries of the scapholunate and lunotriquetral ligament, and one had injuries of the triangular fibrocartilage complex, the scapholunate and lunotriquetral ligaments. Scapholunate ligament injuries included seven grade II tears and two grade III tears. 12 The latter were suspected on the pre-operative radiographs. These injuries were characterised by large avulsion fragments of the proximal pole of the scaphoid, and were reduced and pinned arthroscopically with transcutaneous intra-articular pins. Four patients (20%) had lunotriquetral ligament tears. The tears were all stable, and arthroscopic debridement was only needed to debride the lips of the tear. Six of the 12 triangular fibrocartilage complex tears were ulnar-sided. Three patients had a radial avulsion fracture of the triangular fibrocartilage complex, and three a radial tear. Arthroscopic debridement was performed in all these patients. In two, additional repair was carried out with sutures and in one patient an open triangular fibrocartilage complex repair was needed. Cartilage injuries were found in nine patients (45%), all treated by cartilage shaving. Free cartilage fragments were also found in eight patients and all were removed arthroscopically.
Final follow-up data were obtained at 24 months for both groups. The patients were also examined after removal of the external fixator and wires at 3, 9 and 12 months post-operatively. All fractures united. No patient had articular incongruency of > 1 mm, and there was no evidence of radiocarpal degenerative changes. The mean step-off at 12 months was statistically significant for the fluoroscopically-assisted group (fluoroscopy-assisted -0.78 mm and arthroscopicallyand fluoroscopically-assisted 0.30 mm; p < 0.05). The mean volar tilt restoration at 12 months was 8.0° (SD 1.78) for the arthroscopically-and fluoroscopically-assisted group and 7 (SD 2.98) for the fluoroscopically-assisted group. The p-value was not significant at 0.5. No patient had distal radioulnar joint instability or ulnar abutment. The other radiological parameters at 12 and 24 months showed no statistical significance between the groups (Table III) .
The arthroscopically-and fluoroscopically-assisted group had less pain and an earlier return to daily activities. The DASH and modified Mayo wrist scores were significantly better (p < 0.01) at three-month follow-up (Table  IV) . All were free of pain and had returned to their previous occupation.
Wrist movement in both groups is summarised in Table  IV . Supination, extension, and flexion showed statistically significant differences in favour of arthroscopically-and fluoroscopically-assisted at three months (p < 0.01).
At 12 months' follow-up the DASH and modified Mayo wrist scores were better than at three months in both groups. However, these scores at both times were better for the arthroscopically-and fluoroscopically-assisted than for the fluoroscopically-assisted group (Table V) . The mean DASH score at 12 months for the arthroscopically-and fluoroscopically-assisted group was 4.7 (SD 4.4) and for the fluoroscopically-assisted group was 7.9 (SD 8.4) ( Table V) . Differences in pronation were not statistically significant (p = 0.24), but supination, extension-flexion, radial deviation and ulnar deviation showed statistically significant differences between the groups at 12 months in favour of arthroscopically-and fluoroscopically-assisted (p < 0.01). Grip strength was 95% of the uninjured side in the arthroscopically-and fluoroscopically-assisted group and 90% of the uninjured side in the fluoroscopically-assisted group.
The analysis for repeated measures for DASH showed that the overall group and follow-up effects were significant (p < 0.01) and there was interaction between group and follow-up effects (p < 0.01). Thus, differences between groups varied across the follow-up period. For the modified Mayo wrist score overall group and follow-up effects were significant (p < 0.01) whereas the interaction between group and follow-up effect was not (p = 0.198). At two years the results were the same as at one-year follow-up. With regard to the radiological follow-up, there were no differences between 12 and 24 months.
There was no correlation between the outcome scores and type of fracture, age, gender, or operative delay. Slight loss of movement and grip strength was the main reason for inferior results. All patients returned to their regular employment or activities, but this occurred earlier in the arthroscopicallyand fluoroscopically-assisted group. Differences regarding return to work were not statistically significant. In the arthroscopically-and fluoroscopically-assisted group patients returned to work after a mean of 8.8 weeks (8 to 12). In the fluoroscopically-assisted group, patients returned to work after a mean of 9.9 weeks (8 to 14). Complications were encountered in seven patients. One of the fluoroscopically-assisted group had superficial infection around a K-wire. This resolved after local treatment, oral antibiotics and early removal of the pins. Of the 40 patients, six (15%) suffered from algodystrophy (complex regional pain syndrome), 13 two in the arthroscopically-and fluoroscopically-assisted group and four in the fluoroscopically-assisted group. All were treated early by intravenous regional anaesthesia with lidocaine and methyloprednisolone with resolution of symptoms after six to eight weeks.
Discussion
Arthroscopically-assisted fixation of fractures of the distal radius allows direct observation of articular reduction under magnification. In particular, rotation of the fracture fragments, which is difficult to judge under fluoroscopy, may be detected and corrected. Irrigation to remove fracture haematoma and debris potentially reduces the inflam- Wrist arthroscopy also allows for the management of associated acute soft-tissue injuries, whose treatment has a better prognosis than chronic lesions. 3 Our study confirms this observation, as the patients in the arthroscopically-and fluoroscopically-assisted group showed better results after immediate treatment of scapholunate injuries, notwithstanding reports showing a discrepancy between radiological appearance and function. 14, 15 Treatment of displaced fractures of the distal radius aims to restore normal anatomy. 16, 17 An intra-articular step of more than 2 mm will not be generally accepted when treating these injuries, 18 and recent studies indicate that the critical tolerance may be as low as 1 mm. [19] [20] [21] Edwards et al 4 recently reported that arthroscopy may help to identify residual gapping of the articular surface not detected with fluoroscopy, and another study 5 reported that arthroscopy after fluoroscopic reduction resulted in a modification of the treatment in five of seven patients treated for intraarticular fractures. The identification of the nature and severity of associated soft-tissue lesions is probably the major role of arthroscopy for such fractures. [22] [23] [24] For example, Ruch, Yang and Smith 25 reported that urgent arthroscopic treatment of acute triangular fibrocartilage complex injuries associated with intra-articular distal radial fractures have good results.
In our study, triangular fibrocartilage complex tears were found in 12 of 20 patients (60%). In another arthrographic study of 58 distal radial fractures in patients with a mean age of less than 50 years, the triangular fibrocartilage complex was injured in 39 (67%). 26 Geissler, 27 in a series of 60 intra-articular fractures which were treated by arthroscopy, found associated triangular fibrocartilage complex tears in 26 (43%). They were more likely in patients with concomitant fractures of the ulnar styloid. As disruption of the triangular fibrocartilage complex leads to instability and degenerative changes, 26 the immediate treatment of these tears can explain the better functional outcome following arthroscopically-and fluoroscopically-assisted compared with fluoroscopically-assisted treatment. Lindau et al 23 found that ten of 11 patients with complete peripheral triangular fibrocartilage complex tears noted at arthroscopy had instability of the distal radioulnar joint at follow-up, whereas only seven of 32 patients with incomplete lesions reported symptoms. Also, they predicted that 21% (8 of 39) of patients with incomplete lesions of the triangular fibrocartlage complex would continue to have symptoms. 23 Our study, which does not include patients with such symptoms after arthroscopic treatment, does not corroborate this, but our follow-up of two years is relatively short.
The incidence of associated ligament injuries had been variously reported: lesions of the scapholunate ligament in up to 40% (12 of 30) of intra-articular fractures, 28 lunotriquetral ligament injuries in 20% (19 of 88), and combined scapholunate and lunotriquetral injuries in 10% (9 of 118) of fractures. 29 Finally, articular cartilage lesions have been noted in both the radiocarpal and midcarpal joints in up to 30% (12 of 39) of distal radial fractures in young adults. 24 The operation time was significantly increased by approximately 30 minutes in the arthroscopically-and fluoroscopically-assisted group, but there is no other study for comparison. The two groups showed no differences in hospital stay or time to mobilisation. Although the range of movement was acceptable in both groups, this study shows the arthroscopically-and fluoroscopically-assisted technique to be superior, at least in the early months. There was a statistically significant difference between the outcome in the two groups which decreased with time.
It may be questioned whether there was an overestimation of arthroscopic findings in the arthroscopically-and fluoroscopically-assisted group in relation to the clinical findings. A significant number of tears was found, mainly grade II. These injuries necessitated treatment including open repair or stabilisation with K-wires for scapholunate ligament tears. We do not consider this as overtreatment, as the functional results are significantly better in this group.
One weakness of the study is the differences within and between the groups (some patients had bone grafts) and the various treatments applied for intra-articular and ligamentous injuries. Unfortunately, in order to have adequate subgroups who had similar treatment, the size of the main groups needs to be large, and this could not be achieved in this study.
According to Chen et al, 30 despite a steep learning curve, arthroscopically-assisted surgery is a promising technique with few complications in the treatment of complex intraarticular distal radial fractures. We support this view and agree that arthroscopy has a role in their treatment.
Although new implants such as the locked palmar plate [31] [32] [33] [34] provide satisfactory results after open reduction and internal fixation, they do not address the intra-articular injuries.
In conclusion, we believe the addition of arthroscopy to fluoroscopically-assisted reduction of distal radial fractures improves the outcome.
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